
INTRODUCTION

The coast is one of the most dynamic environments on the 
planet. It is where wave and tidal energy are expended to carry out 
erosion and transport; it is the meeting place of the hydrosphere, 
the lithosphere, and the atmosphere. The coastal zone is subject to 
constant change: minute by minute as waves break and currents 
move alongshore; daily with high and low tides; monthly with 
tidal cycles; yearly with seasonal changes in wave approach and 
storm energy; and over the longer term with changes of climate 
and sea level. This constant change can cause major problems for 
coastal communities and management of geologic resources.

There is much informal or inconsistent terminology used to 
defi ne or describe the coast. According to Oertel (2005), coast 
and coastline should be used when referring to the boundary 
between land and water at a regional scale; shore and shoreline 
are terms reserved for the same boundary but at a local scale. 
The area commonly referred to as the coastal zone is not strictly 
defi ned, but rather includes all land and water areas affected by 
marine processes. This may include areas many miles inland 
where even the weakest of tidal forces can be felt. In common 
usage, one tends to think of the beach as the primary or maybe 
only coastal environment. And the beach may be the most promi-
nent, or most well known, of the coastal environments. The beach 
can be defi ned as an accumulation of sediment, moved by waves 
and currents.

The coastal environment, in a broad sense, is often consid-
ered to include anything landward of the shoreface, the water 
depth at which incoming waves begin to interact with the seafl oor 
(Fig. 1). Such interaction begins when the water depth dimin-
ishes to one-half the wavelength on the incoming wave. That 

water depth marks the beginning of movement of sediment and 
is the dividing line between the offshore and the beach/dune sys-
tem. The practical aspect of this demarcation is that it is the great-
est depth from which waves are able to push sediment landward 
through the interaction of wave orbitals with the seafl oor. Allen 
(1970) and Swift (1976) refer to this line as a “littoral energy 
fence” across which sediment from the landward side must move 
in order to be removed from the beach/dune system. A more 
practical limit for the water depth at which waves begin to impact 
on the sea bottom is one-quarter of a wavelength (Clifton and 
Dingler, 1984). Limits of terms inner shelf, mid-shelf, and outer 
shelf as used in this paper are shown. It is obvious that because 
wavelengths are so variable, usually an average is considered.

At an even larger scale, all earth-surface environments can be 
considered as either terrestrial (on land), transitional (transitional 
between land and water), or marine (under water). The transition 
zone between terrestrial and marine environments includes such 
environments as tidal fl ats, estuaries, dunes, and beaches and 
barrier islands. The focus of this chapter, then, is probably more 
correctly referred to as the transitional environment. The marine 
realm is covered in another chapter of this volume (Bush, this 
volume). Several terrestrial environments likewise are dealt with 
within their own chapters within this volume. Regardless, part 
of the beach system also belongs to the nearshore zone so it is 
impossible to completely disassociate the beach/transitional zone 
from the nearshore marine system. Standard beach terminology 
delineating the environmental zones of the nearshore system is 
shown in Figure 1.

The Encyclopedia of Coastal Science (Schwartz, 2005) is a 
lengthy (over 1200 pages) and expensive book, but it is compre-
hensive and contains a wealth of information on nearshore pro-
cesses and sampling/monitoring techniques.
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STRESSORS/POSSIBLE CHANGE TO THE 
COASTAL SYSTEM

The coastal system includes water, land, and air, and thus 
changes to the coastal system are a complex dynamic equilibrium 
of stimulus and response of those three spheres. That is, hydrody-
namics of the nearshore marine system, substrate/land type and 
vegetation cover, plus the aeolian environment. The coast is sub-
ject to many different types of stressors including those natural 
and human induced (Table 1; Morton, 2003). The physical pro-
cesses driving changes in the coastal system are fairly straightfor-
ward. These include waves, currents, and storm surges. The driv-
ers of those forces include winter storms (known as extratropical 
cyclones), hurricanes (tropical cyclones), and possibly the effect 
of El Niño events. These forces act to modify sediment supply 
which ultimately changes the coastal geomorphology. Waves and 
currents may steepen unconsolidated shores forcing landslides 
and bluff retreat. Finally, there is a large-scale overprint of global 
sea-level rise and ground subsidence. Climate can also change 
over long enough time scales, which will exert control on coastal 
morphology and vegetation. Not to be understated is the role of 
human activities in land loss. Modifi cations of natural systems 
may include such things as transportation infrastructure, coastal 
construction, river modifi cation, the extraction of hydrocarbon 
and groundwater, coastal excavation for beach replenishment, 
and stresses on wetlands.

One of the most obvious coastal vital signs to monitor is 
water depth (sea-level) change. Those are addressed in the chap-
ter “Marine features and processes” (Bush, this volume).

The monitoring of water depth is largely addressed by the 
National Oceanic and Atmospheric Administration (NOAA); as 
a result, local or regional tide gauge data can be easily obtained 
at NOAA’s Web site (www.noaa.gov). Within the NOAA site, see 
http://www.ngdc.noaa.gov/mgg/bathymetry/relief.html for bathy-
metric data and links to other sources.

Waves, currents, and seabottom composition (substrate) are 
also important aspects of energy fl ux in the water column. These, 
too, are addressed in the marine chapter.

This chapter will focus on the shoreline (and shoreline 
change) and landward. The “Marine features and processes” 
chapter covers seaward from the shoreline/low-tide line. It is 
impossible to completely separate one system from the other, but 
for purposes of organization of this manual, we will do just that.

Thus, the “land-based” coastal features begin with the shore-
line—the meeting place of water and land. Change in the position 
of any particular shoreline in the long term is controlled by sea 
level. The change in sea level in any given location is a function 
of what global sea level is doing and what the local/regional land 
surface is doing. Both can be changing, sometimes in the same 
direction, sometimes in opposite directions. See Douglas et al. 
(2001) for an overview of not only the physical driving forces 
of sea-level rise, but also the societal impacts. More than just 
the actual shoreline, other nearby features needing monitoring 
included the beach (shape and slope), dune line, bluff location 
and height, etc.

Coastal dunes change with changing wind patterns, sediment 
supply, and human impact. Their presence or absence, vegetation 
cover, volume and elevation, and even their precise positional 
changes are important. Nordstrom et al. (1990) gives a good 
overview of dune processes. Dunes offer protection for more 
landward environments and for the built environment (Fig. 2). 
Many types of coastal vegetation can only fl ourish behind sta-
ble dunes.

Vegetation often indicates relative environmental stability, 
age, and elevation. For example, the maritime forests are areas 
that are inundated relatively rarely (Fig. 3). Mangrove shore-
lines, however, are subject to frequent fl ooding. Pine forests do 
not survive frequent saltwater intrusions, so their presence sug-
gests stability. Salt marsh vegetation, on the other hand, requires 
frequent intrusion.

Figure 1. Standard beach terminol-
ogy. The zone labeled “shoreface” can 
be considered the seaward extent of 
the area covered in this chapter. From 
FEMA (2000).
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In general, the taller and thicker the vegetative growth, the 
more stable the site and the coastal geomorphic features. Maritime 
forests grow only at elevations high enough to preclude frequent 
overwash. In addition, because a mature maritime forest takes at 
least 100 years to develop, forested areas are generally the most 
stable. Major clearance of stable vegetation for development or by 
disease/fi re greatly decreases the stability of coastal landforms.

In the tropics, from as far north as the southern Florida coast, 
mangroves fi ll an ecological niche that is similar to that of marsh 
grasses farther north. Mangroves perform the same ecological 
functions as marsh grass, that is, sediment stabilization, fl ood 
control, and habitat. Mangroves also are sensitive to the same 
negative impacts of development and pollution. If your shore-
line property is lined with mangroves, do not remove the veg-
etation. The intertwining roots buffer erosion, trap and stabilize 
sediment, and provide critical habitat for juvenile stages of many 
marine animals.

Salt marshes—ecosystems that also fl ourish in quiet waters—
often line the bay sides of islands, as well as the mainland mar-
gins of bays. The true salt marsh is a unique botanical environ-
ment because it consists of a single plant, Spartina. Marshes are 
important breeding grounds for many marine species and offer 
considerable protection from wave attack as well. Many salt 
marshes have been fi lled in for development, a practice that is 
now illegal. Areas around fi nger canals often have been built up 
with material dredged from the marsh to form the canal. Such 
sites have their own resulting problems. Buried marsh provides 
poor support for building foundations and does not provide a 

TABLE 1. COMMON PHYSICAL AND ANTHROPOGENIC 
CAUSES OF COASTAL LAND LOSS 

 

Natural Processes 
 selpmaxE tnegA

 stnerruc dna sevaW noisorE
Storms 
Landslides  
 

Sediment Reduction Climate change 
Stream avulsion 
Source depletion  
 

Submergence Land subsidence 
Sea-level rise  
 

Wetland Deterioration Herbivory 
Freezes 
Fires 
Saltwater intrusion  
 

Human Activities 
 selpmaxE tnegA

Transportation Boat wakes, altered water circulation 
 

Coastal construction Sediment deprivation (bluff retention) 
Coastal structures (jetties, groins, 

seawalls)  
 

River modification Control and diversion (dams, levees)  
 

Fluid extraction Water, oil, gas, sulfur  
 

Climate alteration Global warming and ocean expansion 
Increased frequency and intensity of 

storms 
  

Excavation Dredging (canal, pipelines, drainage) 
Mineral extraction (sand, shell, heavy 

minerals)  
 

Wetland destruction Pollutant discharge 
Traffic 
Failed reclamation 
Burning  

   Note: From Morton (2003). 

Figure 2. Coastal dunes offer signifi cant protection for structures 
located behind them. Atlantic Beach/Fort Macon, Bogue Banks, North 
Carolina; Program for the Study of Developed Shorelines photo.

Figure 3. Cape Lookout, North Carolina. The denser, forested areas are 
more stable than the sandy or grassland areas. Storms are more likely 
to erode areas of less stability. Program for the Study of Developed 
Shorelines photo.
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quality groundwater reservoir. Thus, such building sites typically 
have settling problems, an inadequate supply of fresh water, and 
septic systems that do not function properly. In addition, effl uent 
waste from such sites has closed adjacent marshes to shellfi sh-
ing. Marshes are very susceptible to fl ooding from even minor 
storms. New marsh can be planted on bay shorelines, and such 
replanting should be considered as an erosion buffer alternative 
to bulkheads and seawalls.

Another problem is that of non-native vegetation. For exam-
ple, Australian pines (Casurina) fl ourish in Florida, Hawaii, and 
Puerto Rico (Fig. 4). These pines have shallow root systems and 
are easily blown over or knocked over by storms, causing dam-
age or becoming obstructions to evacuation and recovery. These 
trees do not stabilize dunes or help them to grow, and they furnish 
large amounts of debris to be cleaned up after beach storms. The 
pine’s toxic needles do not support undergrowth or encourage a 
diverse biota. Although they are attractive, it may be preferable to 
remove them and plant native vegetation.

The composition of beach and inshore material refl ects the 
local and regional source of sediment. Thus, a detailed descrip-
tion of the sediment or other material making up the beach, 
dunes, bluff, or intertidal zone, will tell a great deal about the 
geologic history and sedimentological processes of the area. State 
geological surveys normally have much information, including 
soil surveys, and the U.S. Geological Survey (USGS) geological 
quadrangle maps are an important source of information as well.

Wetland dynamics, especially during a rising sea level, are 
a critical part of the coastal system. Monitoring the landward or 
seaward movement of a wetland margin and the total acreage of 
a coastal wetland helps to manage and forecast changes that will 
infl uence fl ora and fauna and provides indicators of overall sys-
tem vitality.

Just as barrier islands do, wetlands migrate landward with 
rising sea level. This occurs by drowning or eroding of the wet-
land on its ocean/estuary margin and formation of new wetland 
on its upland margin. Studies in Delaware Bay, for example, have 
shown that coastal wetlands were more extensive in the past than 
they are today (Allen, 1977). Numerous studies have examined 
the process and rate of vertical accretion in coastal wetlands 
(Reed, 1988; Stumpf, 1983; Richard, 1978; Harrison and Bloom, 
1977). Many others have focused on the erosion or drowning of 
the seaward margin of coastal wetlands (Darienzo and Peterson, 
1990; Hackney and Cleary, 1987; Orson et al., 1985; Hardisky 
and Klemas, 1983; and Rosen, 1978). These studies have shown 
that, as a general rule, vertical accretion in salt marshes is not 
keeping up with prevailing local relative sea-level rise. Further-
more, the aerial extent of these salt marshes has decreased over 
the last several decades. As stated earlier, coastal wetlands are 
dynamic environments and respond to sea-level rise by expand-
ing on the upland margin. Yet, one can infer from this recent evi-
dence of wetland loss that the rate of wetland transgression is 
not keeping up with the destruction of wetland on the seaward 
margin. This being the case, it is likely that further narrowing of 
our coastal wetlands can be expected under a regime of continu-
ing, if not accelerating, sea-level rise (Fig. 5).

Clearly, if assumptions are correct in that sea level will con-
tinue to rise and our coastal wetlands will continue to erode on 
the outer margin while transgressing on the upland margin, a 
precise understanding of the nature and magnitude of the new 
wetland formation is needed. This information is necessary so 
that managers, governments, and concerned citizens will be able 
to make informed decisions on the disposition of wetland fring-
ing lands.

SELECTED METHODS FOR MONITORING COASTAL 
FEATURES AND PROCESSES

Monitoring vital signs of physical aspects of park ecosys-
tems helps give insight not only into the general state of systems 
but also into changes in the systems or system vitality. The vital 
sign concept is very similar to the geoindicators approach to 
monitoring environments. The International Union of Geological 
Sciences (IUGS) defi nes geoindicators as “measures of surface 
or near-surface geological processes and phenomena that vary 
signifi cantly over periods of less than 100 years and that provide 
information that is meaningful for environmental assessment” 
(Berger, 1996), and they are applied to a wide variety of envi-
ronments (Berger, 1997). Geoindicators have a variety of man-
agement applications including environmental auditing and 
monitoring. Berger (1997) notes that the geoindicators approach 
identifi es a minimum set of parameters that describe short-term 
environmental dynamics and that are proxies representing all the 
parameters on which processes depend.

Vital signs of coastal features and processes will be start-
ing at the shoreline and moving landward. Table 2 summarizes 

Figure 4. Australian pine (Casurina) is toppling along an eroded bluff 
south of Guayabo, Puerto Rico. The shallow root structures cause 
these trees to be uprooted and toppled during storms. Photo by Chester 
Jackson Jr. 
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the monitoring techniques discussed below. There is an infi nite 
number of monitoring techniques and equipment available for 
monitoring the component environments of the coastal system. 
The following are selected in order to give a range of methods 
from low cost and low level of expertise needed, to high cost and 
higher level of expertise needed. Expertise needed may refer to 
either the expertise needed to use the equipment or to expertise 
needed to interpret the data, or both.

Vital Sign 1: Shoreline Change

Defi nition. Change in position of any particular shoreline 
marker (beach, dune line, bluff, etc.).

Signifi cance. Monitoring changes in the position of the shore-
line or other shoreline markers indicates the dynamics between 
sea-level change, sediment supply, hydrography, and meteorol-
ogy. The actual shoreline, the dividing line between land and the 
marine realm, is the most obvious. Perhaps no data is more criti-
cal for coastal management than shoreline change history.

Shoreline change data are critical in providing sound scien-
tifi c basis for coastal management decisions including a base-
line for setbacks, establishing long and short-term erosion rates, 
hazards and risk assessments, and coastal planning. In addition 
to creating a scientifi c basis for shoreline monitoring and man-
agement, shoreline change calculations will also provide useful 
data on the impacts of engineering structures on erosion, which is 
needed to fully understand the consequences that may surround 
emplacement of a specifi c type of structure. This information can 
be used to provide effective recommendations on management 
issues with minimal impacts to the environment. Therefore, it 
may be possible to devise shoreline management strategies and 

property damage mitigation plans that anticipate shoreline ero-
sion due to sea-level rise and coastal storms.

Level 1: Geoindicator-Based Photo Monitoring
Equipment needed. Geoindicator checklists, camera, maps 

for location.
Methodology. Select sites for monitoring based on input of 

local knowledge of, for example, areas of erosion or suspected 
vulnerability to overwash (Fig. 6) or other coastal hazards 
(Fig. 7). At each site complete a geoindicators checklist using the 
methodology of Bush et al. (1999) or similar evaluation. Table 3 
is an example of a checklist for a barrier island shoreline from an 
evaluation for a Cumberland Island location. Table 4 is an exam-
ple of a blank checklist for a mainland shoreline. Photographs up 
and down the coast, plus inland, are taken and recorded. Detailed 
photographs of interesting features should be taken as well. As 
much detailed description of the site and its features should be 
made. All information, checklists, and photos should then be put 
in a three-ring binder for archiving. As more visits to the site are 
made, the materials are added to the binder. Continue for other 
sites as well.

Timing. Can be done monthly, preferably; seasonally, if pos-
sible; and at least yearly. Also, so-called “event capture” mean-
ing just before and then immediately after and continuing for a 
predicted event such as a major storm.

Complexity. Very simple.
Cost. Almost nothing; just printing photos and the cost of a 

camera if not in hand already.

Level 2: Repeat Profi les
Equipment needed. Beach profi le stakes, recording sheets.
Methodology. The simplest approach is the Emery method 

(Emery, 1961), also known as the “stake and horizon” method 
(Fig. 8). Two stakes are used in a profi le perpendicular to the 
beach with sighting the horizon to determine whether the for-
ward stake at higher or lower elevation than the backward stake. 
It takes two people on the stakes and one to record the measure-
ments. It is decidedly low-tech, but gives very representative and 
reproducible results. A video available from the University of 
Maine Public Affairs Offi ce (Kelley et al., 1999) gives an excel-
lent demonstration of the methodology. A Global Positioning 
System (GPS) unit for precise locations will add accuracy to the 
studies. A limitation is the height of the people taking the surveys 
(Fig. 9). A small boat or skiff, if available, can be used to extend 
the profi les offshore some distance.

A very high-tech method of extending profi les farther off-
shore is the U.S. Army Corps of Engineers’ Coastal Research 
Amphibious Buggy (CRAB; Fig. 10). Mentioned here only 
because of its uniqueness, the three-wheeled vehicle is capable of 
operating in all but the most severe storms. The operations plat-
form of the vehicle is 35 feet above the ground, so it has a fairly 
extensive working water depth as its position is located precisely 
by an electronic survey and tracking system.

Figure 5. The gravity of the wetland migration situation can be seen 
in this coastal North Carolina image. As sea level rises, the wetland 
behind the island in the foreground must be free to aggrade and to 
migrate landward with the rising sea level. Development on the main-
land may preclude natural wetland transgression, leading eventually to 
wetland loss and habitat degradation. Masonboro Island, North Caro-
lina; Program for the Study of Developed Shorelines photo.



Figure 7. Gaps in dunes, perhaps caused by foot or vehicle traffi c, can 
be sites of penetration of storm waves and storm surge, increasing risk 
to property behind the dune. Tropical Storm Dennis, 1999; Program 
for the Study of Developed Shorelines photo.

Figure 6. Overwash fans along the Outer Banks of North Carolina after 
Hurricane Isabel (2003) give evidence of how quickly shoreline posi-
tion, along with barrier island topography, can change. Program for the 
Study of Developed Shorelines photo.

TABLE 2. COMPARATIVE METHODS OF MONITORING COASTAL VITAL SIGNS 

esitrepxE sdohtem dna sngis latiV # 
Specialized 
equipment 

Cost* Personnel 
Labor 

intensity† 
Shoreline Change 

Photo monitoring 
Repeat profiles 
Repeat aerial photography 

SCA/Volunteer 
Scientist 
Expert 

No 
No 
Yes 

$ 
$ 

$$ 

Individual 
Group 
Group 

Low 
Moderate 
Moderate 

      

Coastal Dune Geomorphology 
Photo monitoring 
Repeat ground surveys 
LIDAR 

SCA/Volunteer 
Scientist 
Expert 

No 
Yes 
Yes 

$ 
$$ 

$$$ 

Individual 
Group 
Group 

Low 
Low 

Moderate 
      

Coastal Vegetation Cover 
Ground surveys 
Vegetation classification 
Aerial photography/satellite images 

Scientist + SCA/volunteer 
Scientist 
Expert 

No 
Yes 
Yes 

$ 
$$ 

$$$ 

Group 
Group 
Group 

Moderate 
Moderate 

High 
      

Topography/Elevation 
Repeat photography 
GPS or traditional survey 
LIDAR 

Scientist + SCA/volunteer 
Scientist 
Expert 

No 
Yes 
Yes 

$ 
$$ 

$$$ 

Group 
Group 
Group 

Moderate 
Moderate 

High 
      

Composition of Beach Material 
Repeat photography 
Selected sampling 
Sedimentological description 

Scientist + SCA/volunteer 
Scientist 
Expert 

No 
Yes 
Yes 

$ 
$$ 

$$$ 

Group 
Group 
Group 

Moderate 
Moderate 

High 
      

Wetland Position/Acreage 
Simple surveys 
Repeat aerial photography 
Satellite interpretation 

SCA/Volunteer 
Scientist/Expert 

Expert 

No 
Yes 
Yes 

$ 
$$ 

$$$ 

Group 
Group 
Group 

Low 
Moderate 

High 
      

Coastal Wetland Accretion 
Sediment traps 
Cryogenic coring 
Historical rates 

Scientist 
Scientist 
Expert 

Yes 
Yes 
Yes 

$$ 
$$$ 
$$$ 

Group 
Group 
Group 

Moderate 
Moderate 

High 
   Note: GPS—Global positioning System; LIDAR—light detection and ranging. 
   #Expertise: Student Conservation Association (SCA)/volunteer—needs no experience, minimal training and some observation sufficient; 
scientist—needs modest technical background in field or related field, but need not be expert in field; expert—must be scientist specifically 
trained in field and in use of specialized equipment. 
   *Cost (US$): $ = <$1,000; $$ = $1,000 to $10,000; $$$ = >$10,000. 
   †Labor intensity: low = <few hours; medium = <full day; high = >full day. 
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Profi le data can be plotted on a simple graph (Fig. 11) and 
the data from several profi les can summarized in various ways 
(Fig. 12).

Timing. As with the geoindicator monitoring, profi ling 
should be done as often as possible, at least yearly.

Complexity. Simple after a little training.
Cost. Very low; no specialized equipment is needed, and 

stakes can be made from scrap lumber.

Level 3: Repeat Aerial Photography
Air photo surveying is one of the best ways to monitor shore-

line change. A series of several generations of shoreline position 
data, digitized off air photos, and analyzed in a geographic infor-
mation system (GIS), can provide a wealth of data on shore-
line behavior.

Equipment needed. A source for air photos. Typically photos 
can be obtained for a nominal cost from departments of transpor-
tation, the National Ocean Service, various state Departments of 
Natural Resources or equivalent agencies, the U.S. Department 
of Agriculture, and the U.S. Geological Survey.

Methodology. Shoreline change is doubtless very impor-
tant, both for scientifi c understanding of the coastal system and 
for management. But there are limitations in mapping historical 
shoreline positions driven by limits of methodology accuracy, on 
data “quality,” and on our lack of understanding of the behav-
ior of the system. Currently, shoreline mapping methods include 
point measurements (Stafford and Langfelder, 1971), photo 
enlargements (Dolan et al., 1980), the metric mapping system 
(Clow and Leatherman, 1984), digital shoreline detection (also 
known as raster scanning; Shoshany and Degani, 1992), and use 
of an analytical stereoplotter (American Society of Photogram-
metry, 1980). Over the last two decades shoreline mapping has 
moved into the realm of the Digital Shoreline Mapping System 
(DSMS). The system provides digitizing routines for maps and 
aerial photographs and utilizes commonly available hardware/
software such as electronic digitizers, UNIX-based computers, 
and GIS. The system calculates shoreline positions for maps and 
photographs and produces GIS-compatible output. Once the data 
are entered digitally and digital maps are produced, then the data 
can be analyzed digitally within a Digital Shoreline Analysis 
System (DSAS). DSAS reads the GIS-generated shoreline posi-
tion data and, using extensive user specifi cation such as choosing 
a reference baseline location and an alongshore sampling interval 
and cross-shore sampling tolerance, the system can calculate sev-
eral measures of change simultaneously such as end-point rate 
(EPR; Fig. 13), average-of-rates (AOR), linear regression (LR), 
and jackknife (JK). The system produces reports on calculations 
for each transect and provides fl exible output fi le format. DSAS 
systems are being continually upgraded by several researchers.

An example including digitizing and georeferencing his-
torical, non-photographic shoreline data from NOAA tide sheets 
(T-sheets) for use in the shoreline change analysis of the Georgia 
coast is given by Langley et al. (2003) and air photos (Bush et al., 
2003; Alexander et al., 2001).

Figure 10. The U.S. Army Corps of Engineers Coastal Research 
Amphibious Buggy (CRAB).

Figure 8. The Emery Method for beach profi ling. From Emery (1961).

Figure 9. Using the stake and horizon method of Emery (1961), the 
distance offshore that the profi les can extend is limited by the height 
of the fi eld assistants.
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A major problem with an historical shoreline change study 
is determining the map accuracy and rate resolution. There can 
be horizontal RMS (root mean square) error for shoreline coor-
dinates and error in the original data sources and converting the 
original sources (air photos or survey sheets) into historical shore-
line position data. For example, in calculating the error in simple 
end-point rate calculations, imagine an error in oldest shoreline 
position of 9.25 m and an error in most recent shoreline posi-
tion also of 9.25 m, giving a total error of 18.50 m. The longer 
the period of study (years between oldest and newest shoreline 

position data source), the less the error per year. For example, 
in the above calculation, if the number of years between the two 
shorelines is 36 years, the average error per year is on the order 
of 0.51 m/yr, an acceptable error.

But what do the data really tell us? That is, do the data answer 
important geologic questions such as: do the data refl ect the real 
long-term trend? How many data points do we have? Are there 
storm infl uences or seasonal changes? Do decadal or climatic 
variations play a role? Are there wind-, wave-, or tide-infl uenced 
fl uctuations? We may never know the pre-photo events affecting 
the area of study. Moreover, what are we really measuring? That 
is, which is the best shoreline indicator? Most surveys now use 
the wet/dry (mean high water or MHW) line. Some, however, use 
a vegetation line, bluff line or cliff line. Which is most stable? 
Which is more reproducible?

Historical shoreline change is typically determined using 
aerial photographs from as many different surveys as possible 
(Fig. 14). It is especially good to have air photos from each 
decade if possible. The more generations of air photos cover-
ing the most amount of time, the better the data and the fewer 
the errors. Methodology and discussions on shoreline position 
errors are discussed in several studies (for example, Anders and 
Byrnes, 1991; Crowell et al., 1991; Dolan et al., 1980; Douglas 
and Crowell, 2000; Moore, 2000; Danforth and Thieler, 1992a, 
1992b; and Thieler and Danforth, 1994a, 1994b). All shoreline 
positions have some degree of inaccuracy, and such errors should 
be reported so that rate-of-change calculations may be interpreted 
and used judiciously.

Timing. Updates can only be done as often as new genera-
tions of air photos become available. It may be years between 
fl ights. Local managers should work with state and federal agen-
cies for information on planned air photo fl ights in order to be 
made aware of availability.

Complexity. Very complex; highly skilled personnel is 
needed for data entry and analyses of shoreline position data.

Cost. High, depending on cost of air photos. A GIS com-
puter work station is needed. The computer equipment and even 
the expertise may be available at nearby universities.

Vital Sign 2: Coastal Dune Geomorphology

Defi nition. Monitoring the nature of coastal dunes (presence/
absence, dune volume/elevation, dune position)

Signifi cance. Coastal dunes provide a measure of protec-
tion for the land against forces of the sea including storm waves 
and surges. A study of the impacts of Hurricane Hugo (1989) 
in South Carolina revealed that buildings behind large dunes 
suffered little damage during the storm (Thieler and Young, 
1991).

Level 1: Geoindicator-Based Photo Monitoring
See the description for Vital Sign 1, Level 1, above, using the 

geoindicator approach.

Figure 11. Beach profi les were taken on walled stretches of shoreline 
with adjacent sandy stretches in Puerto Rico by Wright (1989). Sub-
sequent studies (see Bush et al., 2007) compared more recent profi les 
to those of Wright.

Figure 12. Results of a study of dry beach widths by Wright (1989). 
The goal of that study was to determine if there is a difference in 
dry beach width and beach profi le steepness in front of seawalls com-
pared to immediately adjacent unwalled beaches. Only beaches with 
walled plus unwalled segments were measured. On the graph, bars 
represent average widths of several profi les along individual beaches. 
Bars reaching above the zero line indicate that the unwalled portion 
of the beach in question was wider. Bars reaching down from the zero 
line indicate that the dry beach was wider in front of the walled por-
tion of the beach. Clearly, beaches in front of walls were narrower. It 
is thus argued that hard stabilization contributes to shoreline erosion 
and degradation. 



Figure 13. Most of Puerto Rico’s 
shoreline is eroding. Erosion is far 
more important on unconsolidated 
shorelines than on rocky stretch-
es. Here is an example of a recent 
study of the northwestern corner of 
the island, which is mostly a rocky 
coast. On the graph at right, the 
horizontal axis is alongshore virtual 
transect numbers, the vertical axis is 
end point rate calculation shoreline 
change rate and error ranges from air 
photos. From Bush et al. (2007).

Figure 14. Historical shorelines for Ty-
bee Island, Georgia, from air photos 
(Alexander et al., 2001).
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Level 2: Repeat Ground Surveys
The same approach as presented for Vital Sign 1, Level 2, 

can be employed by expanding the methodology inland and mea-
suring individual dunes or other features (Fig. 15).

Level 3: LIDAR
Equipment needed. Very specialized, high-technology 

equipment, typically available only through governmental agen-
cies. There must be partnering with other agencies for appli-
cation of light detection and ranging (LIDAR) methodology. 
The USGS maintains a LIDAR Web site (http://lidar.cr.usgs.
gov/) called CLICK. It is the USGS Center for LIDAR Infor-
mation Coordination and Knowledge. See also NOAA’s coastal 
remote sensing Web site at http://www.csc.noaa.gov/crs/rs_apps/
sensors/lidar.htm.

Methodology. LIDAR is a remote sensing system used to 
collect topographic data. Lasers are used from aircraft to mea-
sure in great detail variations in the vertical dimension. Preci-
sions on the order of 15 cm are possible. Repeat surveys can be 
used to detect shoreline changes, including volumetric changes 
(Fig. 16). See the CLICK site or NOAA’s http://www.csc.noaa.
gov/products/sccoasts/html/tutlid.htm for further information.

Timing. Owing to the cost of data collection and time and 
cost involved in data analysis, LIDAR data are likely going to 
be sparse for many areas. Areas along, for example, the Gulf of 
Mexico coast, however, have had repeat surveys because of fre-
quent hurricane impacts.

Complexity. Highly complex.
Cost. High.

Vital Sign 3: Coastal Vegetation Cover

Defi nition. The degree and nature of the vegetation cover in 
the immediate coastal zone.

Signifi cance. Vegetation cover is a good indication of the 
relative stability of coastal landforms. In general, the taller and 
thicker the vegetative growth, the more stable the site and the 
coastal geomorphic features. Changes in vegetative cover can 
occur naturally by fi re, disease, storm impacts, or by long-term 
erosion (Fig. 17). However, human destruction of vegetation for 
development may be the greatest negative impact.

Vegetation cover also is important in evaluating the hydro-
logic system of the area of study (Fig. 18). Existing, older, land-
use maps are outdated and generalized, so often new land-use 
classifi cation gives an accurate picture of current development 
trends. Land-use classifi cation goes beyond vegetation cover 
to include all other types of land cover such as developed areas 
(roof tops, paved expanses, etc.) waterways, agricultural lands, 
and so forth.

Level 1: Checklist-Driven Ground Surveys
See the description for Vital Sign 1, Level 1, above, using the 

geoindicator approach, concentrating on the vegetation. Vegeta-
tion classes to include will depend on local environment.

Figure 15. Beach, dune, and marsh environments along Shackleford 
Outer Banks of North Carolina. Monitoring of the areal extent of the 
various environments can be done in a variety of ways. Program for the 
Study of Developed Shorelines photo.

Figure 16. Light detection and ranging (LIDAR) survey before and 
after Hurricane Isabel (2003) near Hatteras, North Carolina. U.S. Geo-
logical Survey image.

Figure 17. Fallen trees are obvious evidence of rapid shoreline retreat. 
Program for the Study of Developed Shorelines photo.
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Level 2: Ground Surveys with Vegetation Classifi cation
Equipment needed. A more thorough evaluation than Level 

1 only in means of adding much more complete surveys of veg-
etation cover instead of evaluating selected sites as in the geoin-
dicators approach.

Methodology. Involves driving, walking, using an all-terrain 
vehicle, etc., over study area to map vegetation cover from site 
inspection covering the area in as much detail as possible.

Timing. Yearly surveys would be ideal, but are not criti-
cal. However, if there are areas observed to be undergoing rapid 
change because of natural or human impacts, more frequent sur-
veying is warranted.

Complexity. Low complexity, but labor intensive.
Cost. Low to moderate cost. Transportation, photography, 

and maps are the greatest expense.

Level 3: Repeat Aerial Photography, or Satellite Images
Equipment needed. Air photos as discussed for shoreline 

change, above, are needed. Color photographs are much more use-
ful for vegetation cover mapping while black and white will suf-
fi ce for shoreline change detection. Black and white photographs 
are of some use for vegetation cover, but color is much better.

For both air photo and for satellite imagery evaluation, spe-
cialized geospatial analysis computer equipment, software, and 
expertise are needed.

Methodology. Digitizing air photos, and manipulating air 
photos and satellites imagery, is done within GIS and remote-
sensing computer work stations. Ideally, computer results would 

be fi eld checked for ground truthing of results. Only an abbrevi-
ated methodology is given here because the work is so highly 
specialized that the person or persons actually performing the 
investigation will be well versed. In general, though, air photos 
would require hand digitizing of different vegetation cover types, 
whereas the satellite imagery can be analyzed digitally based on 
the various electromagnetic wavelengths refl ected by different 
plants and other land cover types.

Some type of satellite imagery is needed (Fig. 19; base 
maps, and database of roads, streams, wetlands, etc.). Direct fi eld 
observations of selected sites to confi rm the vegetation cover in 
that area will increase the validity of imagery analysis done by 
the computer.

See the Web site of the USGS Land Cover Institute at http://
landcover.usgs.gov/ for more information.

Timing. As new satellite imagery or air photos become 
available.

Complexity. Very complex. Must be done by experts. Part-
nering with a university or federal agency is probably a must.

Cost. A main cost can be the satellite imagery, assuming the 
computer equipment and software is already available.

Vital Sign 4: Topography/Elevation

Defi nition. Cross-shore elevation allowing for a determina-
tion of coastal geomorphology and sediment volumes.

Signifi cance. Topographic changes of coastal landforms 
are a refl ection of the dynamics between processes of air, water, 

Figure 18. Coastal shoreline continuum and typical “living shorelines” treatments. NOAA diagram (http://habitat.noaa.gov/restorationtechni-
ques/public/images/burke_environmental.gif).
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and land. A standard geomorphology concept is that, in general, 
the larger the feature, the more persistent it is. That is, the more 
slowly it changes. Thus, smaller features such as dunes will 
change much more quickly and dramatically than larger features 
such as interior beach ridges. Therefore, the type of monitoring 
and the frequency of monitoring will depend, in part, on the fea-
ture to be monitored. 

Level 1: Repeat Photography
The approach is not too different than those given using air 

photos in previous sections. The only difference is the feature 
to be monitored: shoreline position in the case of Vital Sign 1 
and vegetation type and expanse in the case of Vital Sign 3. In 
this case, coastal landforms are the target of interest on the air 
photos. Other than that, all descriptions given above hold true for 
this case.

Level 2: GPS or Traditional Survey
Equipment needed. A GPS receiver or hand survey-

ing tools.
Methodology. A GPS survey means driving or walking 

around a feature making several recordings of position using 
a handheld GPS receiver. The more frequently position data 
are recorded, the more precisely a feature can be recorded and 
monitored. The horizontal dimensions are very accurate (within 
a meter or so) with a good GPS system. Vertical dimensions 
may not be quite as accurate, but accuracy can be improved by 
employing higher quality equipment or by tying GPS readings 
into an elevation benchmark or to a traditional survey. A tradi-
tional survey entails hand surveying. This involves many detailed 
measurements from known locations. It is very accurate, but very 
time consuming.

Timing. Depends on the dynamics of the feature or features 
to be monitored.

Complexity. Moderate.
Cost. Moderate, depending on the GPS unit. If surveying by 

hand, personnel costs will be very high.

Level 3: LIDAR
See discussion of LIDAR, above.

Vital Sign 5: Composition of Beach Material

Defi nition. Description of the sediment or other material 
making up the beach, dunes, bluff, or intertidal zone.

Signifi cance. The composition of the material compris-
ing the area of study gives great detail about the geologic his-
tory including human impacts in many cases. Obviously, a rock 
cliff at the coast will behave much differently than a sandy bluff 
during an individual storm as well as over longer time frames. 
Dominance of shell material means a marine source for much of 
the sediment. Pure quartz indicates an area not only away from 
marine infl uence but also sediment that has been reworked many 
times so that other, less-resistant, material has eroded away.

Level 1: Repeat Photography with Field Notes
Equipment needed. A camera, fi eld notebook, and GPS for 

positioning.
Methodology. Take photographs with detailed descriptions. 

Take close-ups of unique or interesting structures. Make sure to 
get close ups and shots of the area for context. Identify areas of 
potentially more rapid change such as eroding bluff of a river 
or scarped dunes (Fig. 20), and pay particular attention to these. 
Keep a detailed notebook with photographs and descriptions.

Timing. Yearly at least.
Complexity. Low complexity.
Cost. Low.

Level 2: Selected Sampling
Equipment needed. Sampling devices, sample storage 

containers.

Figure 19. Satellite image of Cumberland Island, Georgia.
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Methodology. Sampling on land can be as simple as spoon-
ing some sediment into a plastic bag. The Encyclopedia of Coastal 
Science (Schwartz, 2005) is a lengthy (over 1200 pages) and 
expensive book, but it is comprehensive and contains a wealth 
of information on nearshore processes and sampling/monitoring 
techniques. Description of the samples must be done using stan-
dard methodologies such as those described by Lewis and McCo-
nchie (1994) or Sukhtankar (2008).

Timing. Yearly should suffi ce.
Complexity. It is not overly complex, but training is needed.
Cost. Moderate.

Level 3: Detailed Sedimentological Description
Equipment needed. In addition to the equipment needed 

to obtain samples, analysis can be very complex and costly. It 
would be advantageous to develop a working relationship with a 
nearby university or USGS laboratory for help in sedimentologi-
cal descriptions.

Methodology. Analysis of samples is an entirely separate 
issue from obtaining the samples. Depending on facilities every-
thing from simple textural analyses (grain size and sorting) to 
composition (identifi cation of grains) to organic carbon content, 
and even radiometric age dating is possible. The USGS has loads 
of information on sedimentologic techniques. See, for example, 
USGS (2000) as an example of techniques for grain size analysis 
and data handling.

Timing. Yearly at most.
Complexity. Very complex, particularly in the nuances of 

sedimentary structures and microstratigraphy.
Cost. Can be very high if sophisticated techniques are 

required.

Vital Sign 6: Coastal Wetland Position and Acreage

Defi nition. Monitoring the landward or seaward movement 
of a wetland margin and the total acreage of a coastal wetland.

Signifi cance. Coastal marshes (Figs. 21 and 22) play a criti-
cal role in sustaining the health of coastal ecosystems. They are 
centers of biological productivity important for active fi sheries. 
They may act as a buffer between the marine and freshwater 
environments, fi ltering out contaminants from the uplands. They 
are pathways of migration for numerous species of waterfowl 
(the availability of wetlands is important in maintaining species 
diversity). It is clear that preserving and properly managing this 
nation’s coastal wetlands will directly or indirectly benefi t us all. 
It is imperative that any agency charged with managing large 
portions of coastal wetlands understand the dynamics of these 
environments. Protecting coastal wetlands in a period of contin-
ued, and possibly accelerating, sea-level rise may require fl exible 
management techniques that have yet to be considered.

As sea level rises, barrier islands, fringing marshes, and other 
coastal environments move landward up the adjacent coastal 

Figure 22. This marsh on Jekyll Island, Georgia, is located between a 
modern and a Pleistocene beach ridge.

Figure 21. Coastal wetlands stretch for miles along many portions of the 
coastal zone. Program for the Study of Developed Shorelines photo.

Figure 20. A scarp in the beach is evidence of the passing of a 
recent storm.
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plain (upland). To properly monitor this ecosystem, it is nec-
essary to fi rst understand the historical effects of sea-level rise 
on wetland evolution by studying the transgressing edge of the 
coastal marshes and the upland environments onto which they 
are transgressing. Ultimately, a predictive model of future wet-
land evolution in the time of a rising sea level will result aiding 
in management.

A necessary fi rst step is simply to monitor the size and loca-
tion of identifi ed wetlands. The techniques will not differ much 
from those previously discussed.

Level 1: Simple Surveys
Equipment needed. GPS units and record keeping materials.
Methodology. Identify the boundaries of the wetland in 

question. Take as many position readings as possible using hand 
held GPS units. Post data on a map. Each generation of maps 
could ultimately be digitized for easy comparison with future 
maps using computer graphics. That is not necessary, however, 
as hand comparison is worthwhile as well.

Timing. Probably once every several years is enough unless 
there is some kind of disturbance, human-induced or natural, that 
bears watching.

Complexity. Not complex; need knowledge of working with 
GPS units and plotting data on a map.

Cost. Low cost.

Level 2: Repeat Aerial Photography
The approach is not too different than those given using air 

photos in previous sections. The only difference is the feature to 
be monitored. In this case, coastal marshes and wetlands are the 
target of interest on the air photos. Other than that, all descrip-
tions given above hold true for this case. In fact, considering wet-
land vegetation, this could be considered as part of the vegetation 
monitoring program.

Level 3: Satellite Interpretation
Same as for vegetation monitoring only concentrating on 

wetlands.

Vital Sign 7: Coastal Wetland Accretion

Defi nition. The rate of sediment accumulation in a coastal 
wetland.

Signifi cance. Sediment accumulation in coastal wetlands 
is critical for the land surface to keep pace with sea-level rise. 
Otherwise, the wetlands would become inundated. Inherent in 
that, is that as the surface of the marsh rises, the organic material 
trapped within the sediments may account for a large amount of 
carbon locked out of the atmospheric system. Much effort has 
been directed at understanding carbon accumulation, cycling, 
and long-term storage in wetlands. Studies have ranged from 
site-specifi c determinations of soil organic matter accumulation 
(e.g., Craft et al., 1993) to region-wide accumulation (e.g., Botch 
et al., 1995), and ultimately, global assessments of the total 

carbon mass stored in wetland soils during the Holocene (Moore 
and Bellamy, 1974). Much recent interest has focused on changes 
in wetland carbon reservoirs during historical times—primarily 
human induced. Armentano and Menges (1986) estimate changes 
in carbon fl ux and loss of carbon storage capacity for temper-
ate zone organic soils due to wetland drainage and similar dis-
turbances. They found that the wetlands in some regions of the 
world (e.g., central Europe) are presently carbon sources rather 
than sinks due to agricultural drainage, forestry operations, and 
peat burning.

Level 1: Sediment Traps
Equipment needed. Field sediment traps.
Methodology. This is a highly sophisticated sampling tech-

nique, necessarily so because of the sensitivity of the data. Accu-
mulation rates are often very low, so high precision is a must. See 
Mudroch and MacKnight (1994) for sampling methodology and 
Leonard et al. (2002) for an example application of sediment trap 
methodology in estuaries. Large sediment traps might be neces-
sary in some instances as in the nearshore or lake environments. 
See Honjo and Doherty (1988) for an example.

Timing. Seasonal if possible, and during events.
Complexity. Will need a high level of expertise for deploy-

ing sediment traps and retrieving and analyzing the data.
Cost. Moderate for cost of traps and fi eld work.

Level 2: Cryogenic Coring
Equipment needed. Cryogenic coring uses liquid nitrogen 

to freeze the marsh substrate thus making it possible to retrieve 
a core sample (Fig. 23). It is especially advantageous in that, 
once frozen, the soil does not compact, so accumulation rate data 
obtained is much more precise than conventional coring tech-
niques. See Knaus (1986), Knaus and Cahoon (1990), or Cahoon 
et al. (1996) for description of the coring device.

Methodology. Cryogenic coring is a highly specialized 
undertaking. See the USGS Web page http://www.pwrc.usgs.gov/
set/readMarkers.html for an example of the technique.

Timing. Yearly at the most.
Complexity. Highly detailed sampling techniques means 

this is best left to the experts.
Cost. Moderate.

Level 3: Determination of Historical Rates
Equipment needed. To investigate historical rates of wetland 

accretion means having to bring in the third and fourth dimen-
sions. Highly precise spatial data are needed, and absolute dating 
methods must be employed. This is necessarily equipment and 
labor intensive.

Methodology. Each site to be studied will be covered with 
several vibracore transects extending from the upland across 
the transition zone into the marsh. Vibracores (after the meth-
ods of Lanesky et al., 1979) can be supplemented with one-inch 
diameter, hand-auger cores. The hand-auger will be used to fi ll 
in any gaps in resolution not provided by the vibracores (e.g., 
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detailed mapping of the transgressed upland surface). The vibra-
core tops will be surveyed in using differential GPS providing 
the detail necessary to examine the elevation of the transgressed 
upland surface in the cores. This kind of detail is important for 
determining accurately the slope of this surface and the rate of 
transgression of the marsh edge.

Vibracores must be taken to a lab where they can be split, 
photographed, and sampled at ~10 cm intervals downcore. The 
boundary between the submerged upland and the base of the salt 
marsh must be identifi ed and the basal marsh sediments (this is 
the leading edge of the transgressing marsh) sampled for radio-
carbon dating. Depending on available funds, the more radiocar-
bon dates the better. A hand-auger core should also be recovered 
at each vibracore location for possible 137Cs and 210Pb sequences 
to determine if accretion rates vary across the transition zone and 
from site to site.

The modern surface sediments in each site should be sam-
pled and analyzed using standard sedimentological techniques—
grain size analysis by settling tube (Theide et al., 1976) and per-
cent loss on ignition as a proxy for plant organic content (Davies, 
1974). These characteristics can then be mapped as a sediment 
facies map. The modern vegetational assemblages should be 
mapped in detail using a standard line/interval method listing the 
species dominance hierarchy at each sediment sample site. These 
maps will provide the baseline data set for the modern biogeo-
logical relationships at each site. Similar procedures should be 
carried out for the sediments at 10 cm intervals in the vibracores 
in order to determine if the sedimentology, vegetation, or the rela-
tionships between the two have changed during marsh transgres-
sion. Analysis of the marsh fl ora in the cores must be carried out 
using, for example, the methods of Allen (1977). It is important 
to determine whether these coastal marshes are transgressing as 
stable vegetational communities or whether they are changing as 
they migrate.

The results of such a study can include profi les, topographic 
contour maps, sediment isopach maps, and sediment facies maps. 
Ultimately, a series of maps for each study area can be produced 
predicting areas of new wetland formation and fl oral succession 
during the next 50, 100, 250, and 1000 years, assuming mini-
mum, moderate, and maximum sea-level rise scenarios. Predic-
tions will be based on the determined rate of wetland transgres-
sion at each transect adjusted for any changes in the bordering 
upland slope or environment. Notations on the maps will indicate 
areas where human activity may interfere with or prevent the for-
mation of new wetland. This is the ultimate in long-term manage-
ment of the system.

Timing. Probably will be done once only.
Complexity. Exceedingly complex.
Cost. Very expensive.

CASE STUDY—CUMBERLAND ISLAND, GEORGIA

The Georgia coast extends ~150 km. Only four barrier 
islands are accessible by car (Tybee, St. Simons, Sea Island, and 
Jekyll), and are heavily developed.

A two-part approach to evaluating coastal hazards was 
developed to aid coastal planning and management decisions for 
Cumberland Island National Seashore (Barrett et al., 2003). The 
goal was to provide guidelines for environmental assessment of a 
shoreline and to serve as an evaluative tool for examining natural 
hazard risk, to aid in developing management strategies. The fi rst 
component of the plan is a fi eld-based program of observations 
and documentation. This involves (1) a simple geoindicators 
checklist of several hazards-related parameters including descrip-
tions of the general setting, shoreline state, nearshore setting, and 
onshore setting; (2) beach profi ling using a simple stake and hori-
zon method; (3) a set of photographs to document the setting; and 
(4) recording site locations using a handheld GPS unit.

The second component of the plan is a computer-assisted 
analysis utilizing remote sensing and GIS technology. This 
involves (1) land use/land cover from satellite imagery; (2) shore-
line change analysis from air photos and NOAA T-sheets; (3) eval-
uation of historical beach profi les (if and when available); (4) cre-
ating and managing a database; and (5) creating and maintaining 
a Web site for maximum distribution of fi ndings.

Phase One: Field Documentation
Field sites were selected based on fi eld inspection, anecdotal 

evidence of interesting erosion patterns, or any number of rea-
sons suggesting that the site is deemed worthy of monitoring. 
For each selected fi eld sites (Fig. 24), fi eld description was made 
along with completion of a geoindicators checklist (Table 3), 
beach profi ling using the Emery (1961) method discussed ear-
lier (Figs. 8 and 9), and photo documentation. Each site’s photo-
graphs, geoindicators checklist, beach profi le plots, and any other 
information are organized into a 3-ring binder. Stakeholders were 
encouraged to visit each site at least once a year, or more fre-
quently in the case of passage of a large storm.

Figure 23. Cryogenic coring. The bottle has liquid nitrogen used to 
freeze the marsh substrate thus making it possible to retrieve a core 
sample. U.S. Geological Survey photo.
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Phase Two: Digital Applications
Land cover change was assessed using satellite imagery 

(Fig. 19). Shoreline change analysis from T-sheets and aerial pho-
tography was done (Fig. 25). See also Jackson (2006), Jackson 
et al. (2007), and Langley et al. (2003) for methodology. Histori-
cal beach profi les were not available, but should be acquired if 

possible. Shoreline change was calculated using end point rate 
method. That is, the difference between the oldest and youngest 
years’ shoreline position data available divided by the number of 
intervening years. Shoreline changes of the estuarine shoreline of 
Cumberland Island (Jackson et al., 2007) are shown in Figure 26.

Conclusions
Field inspections of several sites on Cumberland Island 

National Seashore showed that, at least for the sites visited, there 
are no major coastal hazards present on this undeveloped island. 
Shoreline change analysis from air photos confi rmed this obser-
vation. A fl ow chart was developed to provide an easy to follow 
guide to initiating and continuing the proposed coastal evaluation 
technique (Fig. 27). The beauty of this approach is that the fi eld 
observation component is very inexpensive and can still provide 
enough information on which to base management decisions. 
The digital component is not strictly necessary, but can be used 
to complement the fi eld observations if and when resources are 
available. A byproduct of such a study is that the amount of data 
generated must be kept organized and accessible. As such, creat-
ing and managing a database and Web site is critical.

Figure 24. Monitoring sites (dots) along the Cumberland Island, 
Georgia, shore. Sites were selected based on input of National Park 
Service personnel, previous studies, and fi eld observations.

Figure 25. Historical shoreline positions, Cumberland Island, Georgia. 
From Jackson (2006).
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CONCLUSIONS

There are myriad techniques and types of equipment that can 
be used to monitor the coastal environment. The vital signs and 
various levels of study described in this chapter barely scratch the 
surface. There are additional data sets that can be important and, 
depending on the resources and needs of the area of study, could 
be important factors for monitoring.

Additional aspects of the coastal zone that may be of interest 
include the following.

Meteorology and Oceanography:
Storm frequency• 
Wind speed and direction• 
Local wave data• 
Rate of local relative sea level rise• 
Nearshore bathymetry• 
Location of nearshore hardgrounds• 

Other:
Land use change in coastal watershed• 
Location of coastal engineering structures• 
Beach replenishment history• 
Degree of alteration of coastal wetlands• 
Location of former inlets on barrier islands• 

Figure 27. Flow chart of the two-phased 
approach to coastal monitoring.

Figure 26. Historical changes in the estuarine shoreline of Cumberland 
Island, Georgia. From Jackson et al. (2007).
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